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(57) Abstract: The present invention relates to an oiganic electroluminescent device, and more particularly, to an organic electrolu- 
minescent device, wherein by forming an electrode (cathode) using gadolinium (Gd), which has a low electron injection barrier and 
can be easily processed, as an electron injection layer in the organic electroluminescent device, the operation voltage of the organic 
electroluminescent device can be reduced, electron injection can be facilitated to enhance the efliciency of the device, and the stable 
cathode electrode can also be formed. 
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ORGANIC ELECTRQLTTMf NESCENT DEVICE HAVmc, A GADOLINIUM 

LAYER 



Technical Field 

The present invention relates to an organic electroluminescent device, and more 
particularly, to an oi;ganic electroluminescent device employing a gadolinium (Gd) layer, 
Therein by forming an electrode (cathode) using Gd, which is a chemically stable material 
and can be easily processed, as an electron injection layer m the organic electroluminescent 
device, the operation voltage of the organic electroluminescent device can be reduced, 
electron injection can be facilitated to enhance the efficiency of the device, and the stable 
cathode electrode can also be formed. 

Background Art 

A cathode electrode serves to inject electrons in an organic electroluminescent 
device. Particularly, smce the electrons are mmority carriers in the organic 
electroluminescent device, they determine the efSciency of the device. 

Accordingly, smooth electron injection functions to increase the probability of 
combination between the electrons and holes injected from an anode electrode as well as to 
reduce the operation voltage of the device, thereby enhancing the efficiency of the device. 

A conventional cathode electrode used until now has been made of metals such as 
Ca, Al, an Al-Li alloy and a Mg-Ag alloy. Among them, a metal such as Ca chemically 
reacts with an organic thin fihn. Since Al has a relatively higher work function, the 
electron injection is not smoothly performed and the operation voltage of the device is 
increased as compared with that of other metals when Al is used for manufacture of the 
device. Thus, Al has not been frequently used. 

Therefore, material for a cathode electrode or electron injection layer, which has a 
low work function, is chemically stable and can also be easily processed, is an essential 
element in manufacturing the electroluminescent device. 

However, metals having a low work function which have been attempted to 
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employ until now are chemically imstable. 

Although the Al-Li alloy and the Mg-Ag alloy have low work functions and are 
somewhat chemically stable, respectively, there is a disadvantage in that since the 
evaporation temperature of each element is different from one another, it is difGcult to 
5 maintain a constant fraction of each element during manufacture of the cathode electrode. 

Disclosure of Invention 

The present invention is contemplated to solve the above problems. An object of 
the present invention is to provide an organic electroluminescent device employing a Gd 
10 layer, wherein the operation voltage of the organic electroluminescent device can be 
reduced, electe-on injection can be facilitated to enhance the efficiency of the device, and a . 
stable cathode electrode can also be formed. 

According to the present invention, the above object is accomplished by forming 
an electron injection layer out of Gd or forming the electrode out of an alloy of Gd and 
15 metal. 

Brief Description of Drawings 

FIG. 1 is a sectional view of a general electroluminescent device to which the 
present invention is to be ^plied; and 
20 FIG. 2 is a comparative graph showing current density-voltage characteristics of 

an electroluminescent device to which the present invention is applied. 

Best Mode for Carrying Out the Invetnion 

Hereinafter, a preferred embodiment of the present invention will be explained in 
25 detail with reference to the accompanying drawings. 

FIG. 1 is a sectional view of a general electroluminescent device to which the 
present invention is to be applied. The electroluminescent device is constructed in such a 
manner that hole and electron transport (electroluminescence) layers 3, 4 are foiined out of 
organic material after forming an anode electrode 2 on a transparent substiate 1, and an 
30 electron injection layer 5 and a cover thin film 6 are positioned on the hole and electron 
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transport layers 3,4, 

This is generally expressed as a lamination structure as follows: that is, the cover 
thin film 6 / the electron injection layer 5 / the electron transport (electroluminescence) 
layer 4 / the hole transport layer 3 / the anode electrode 2 / the substrate 1 . 

In the operation of the device, holes injected from the anode electrode and 
electrons injected from the electron injection layer 5 are constrained in an the interface 
between the electroluminescence layer 4 and the hole transport layer 3 by energy levels, 
respectively, and then combined to each other so as to emit light. 

According to this embodiment of the present invention, on the glass substrate 1, 
the hole transport layer 3 is formed out of N, N'-diphenyl-N, N'-bis (3-methyl)-l, 
biphenyM, 4'-diamine (TPD), the electron transport (electroluminescence) layer 4 is 
formed out of tris(8-hydroxyquinoline) Al (Alqa), the anode electrode is formed out of ITO, 
and the electron injection layer 5 is formed out of Gd. Electroluminescent devices 
comprising the above components and the cover thin film 6, which is formed out of Al, an 
Al-Li alloy and an Al alloy, respectively, are manufactured and compared with one another 
in view of their characteristics 

That is, the structure configured as follows: Al (130 nm) / Gd (20 nm) / Alqa (50 
nm) / TPD (50 nm) / ITO (70 nm) / glass. FIG. 2 is a graph showing current density- 
voltage characteristics of the device according to material for the cathode electrode in the 
aforementioned structure. It can be seen fi-om the figure that the current density- voltage 
characteristics of the device using the electron injection layer of an Gd (O) are superior to 
those of the devices usmg the electron injection layers of an Al-Li alloy (A) and Al (□). 

The electroluminescent device of the present invention is formed by using Gd as 
the electron injection layer 5 of the high or low molecular organic electroluminescent 
device, and the electron injection layer 5 is formed by a vacuum thermal evaporation 
method or a sputtering method. 

Moreover, by further providing the cover thin film 6 which is formed by coating a 
metal having good electrical conductivity and oxidation resistance on the electron injection 
layer 5 formed out of Gd, its characteristics are more enhanced. Materials used for the 
purpose may include Al, Cu, Cr, Ni, Au, Ag, Pt, Co, In, Mg, Pd, Ta and Mo. 
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In addition to the structure of the electron injection layer and the cover thin film, 
the cathode electrode may be formed out of an alloy of Gd and one or more metals selected 
fix)m a group consistmg of Ca, Li, Al, Cu, Cr, Ni, Au, Ag, Pt, Co, In, Mg, Pd, Ta and Mo. 

Methods of implementing the above constraction may include a method of directly 
5 heating and depositing an alloy, a sputtering method of forming a thin film by using an 
alloy as a sputtering target, and a method of simultaneoxisly depositing each material as 
each source. 

Industrial Applicability 

10 According to the present invention, there are advantages in that the operation 

voltage of the organic electroluminescent device can be reduced, the electron injection can 
be facilitated to enhance the eflBciency of the device, and flie stable cathode electrode can 
also be formed. 
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CLAIMS 

1. An electroluminescent device, comprising 

an electron injection layer formed out of Gadolinium (Gd). 

5 

2. The electroluminescent device as claimed in claim 1, further comprising a cover 
thin film formed by coating a metal having good electrical conductivity and oxidation 
resistance on the electron injection layer formed out of Gd. 

10 3. The electroluminescent device as claimed in claim 2, wherein the cover thin film is 
formed out of a metal selected from a group consisting of Al, Cu, Cr, Ni, Au, Ag, Pt, Co, 
In^Mg, Pd,TaandMo, 



15 



4. An electroluminescent device, comprising 

an electrode formed out of an alloy of Gd and one or more metals selected from a 
group consisting of Ca, Li, Al, Cu, Cr, Ni, Au, Ag, Pt, Co, In, Mg, Pd, Ta and Mo. 
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FIG.l 
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